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PTVS1 & PTVS2 in DFN and IGBT Product Release

Market Segments Applications Products News Resources Support
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Offering Reliable Supply with Reduced Lead Times, Bourns Enters IGBT Market with
Market-leading Power Efficiency Portfolio

Bourns' advanced trench-gate field-stop technology IGBTs provide low conduction/switching loss designed by the innovation leader power designers
have trusted for 75 years

RIVERSIDE, Calif., August 8, 2022 - Bourns, Inc., 3 leading manufacturer and supplier of electronic components, today entered the insulated-gate bipolar transistor (IGBT) market with
the Company's first high-efficiency 600 V/650 V¥ discrete product line co-packaged with a fast recovery diode (FRD). Designed using advanced trench-gate field-stop technology that
provides greater control of dynamic characteristics, the five new Bourns® Model BID Serigs discrete |GETs deliver lower collector-emitter saturation voltage (VCE(sat)) and Lower

switching losses compared to previous generation non-punch-through IGBTs. In addition, this structure provides a positive temperature coefficient that helps increase device longevity Bourns enters discrete
and reduce power requirements in high voltage and high current designs. IGBT market with new

Because Bourns' new IGBTs are available in thermally-efficient TO-252,T0-247 and TO-247N packages, these devices can prof
solutions for switch-mode power supplies (SMPS), uninterruptible power sources (UPS), induction heating and power factor cg
maodel options in 600 V/5 A, 600 V/20 A, 600 V/30 A and 650 V/50 A, Bourns® BID Series discrete IGETs have been tested and

Market Segments Applications Products News Resources Support

Bourns® BID Series IGETs are available now and are RoHS compliant® and halogen free™. For more detailed product series in
Home / Mews / Press Releases / Press Release

*RoHS Directive 2015/863, Mar 31, 2015 and Annex.

“*Bourns considers a product to be “halogen free”if (a) the Bromine (Br) content is 300 ppm or less; (b} the Chior

Package

Bourns® PTVS1 and PTVS2 family of surface mount devices meet growing protection need for high 1 kA and 2 kA surge current solution in
smallest DFN package
RIVERSIDE, Calif., August 2, 2022 - Bourrs, Inc., a leading manufacturer and supplier of electronic components, today announced the industry's first Power Transient Voltage

Suppressor (PTVS) product families available in the compact DFN package (8 mm x é mm x 2.5 mm) The Bourns® PTVS1 and PTVS2 surface mount series provide effective ESD
protection to meet the growing demand for high surge current solutions that can also help designers save valuable PCE board space

. . B B An industry first; Bourns® PTWS1
Another industry first from Bourns is that its Model PTVS2-x000C-H series is the first PTVS device to feature the surge handling capability of 2 kA (8/20 ps). Compact packaging and PTVS? product families

and higher surge protection requirements are trends in a wide range of next-generation AC and DC line protection applications such as those with exposed PoE ports or those offered in the compact DFY
that need high-power DC bus protection including 5G small cell, Remote Radio Units (RRUs) and Baseband Units (BBUs) in wireless base stations. package (Click to enlarge)

"With the release of our two new PTVS surface mount package product series, we are giving designers a much smaller solution with the same level of protection compared to

existing PTV5 devices that typically are available only in bulky over-molded or through-hole packages,” said Jennifer Joseph, Semiconductor Product Line Manager at Bourns. "By helping our customers achieve
smaller and more compact layouts, by as much as a 50 percent size reduction, Bourns’ latest PTVS series also can reduce costs. In addition, it can offer increased design flexibility where the board space saved
could be used to add more application features”

The new Model PTV51-x0C-H high current PTVS diode series consists of eight available part numbers with a maximum standoff voltage between 22 V to 86 V. This bidirectional PTVS Series delivers very low
clamping voltage under surge conditions and excellent performance over temperature. The model PTV51 series also meets |[EC 61000-4-2 Level 4 ESD protection and 1 kA (8/20 ps) per IEC 61000-4-5 lightning
protection. Similarly, the Bourns® Model PTV52-x00C-H PTVS diode family is offered in eight available part numbers with 2 maximum standoff voltage between 22 V and 86 V. Offering market-leading 2 kA (8/20
ps) per IEC 61000-4-5 lightning protection, this model series also meets |EC 6100-4-2 Level 4 ESD protection

The Bourns® Model PTVS1-30¢C-H and PTV52-x0xC-H high current PTVS diode series are available now and are RoHS compliant® and halogen free®*. For more detailed product information, please see:
www bourns com/products/diodes/power-tvs-diodes

is $00 ppm
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PTVS1 & PTVS2 in Compact DFN Package

Elevator Pitch

Bourns’ new PTVS1 and PTVS2 series of Power Transient Voltage Suppressor diode devices are designed to provide
protection against lightning strikes as well as inductive and transient surges for applications including PoE, BBUs, RRUs
and those using the high-power DC bus. Both model families are available in a compact, industry first DFN package
(8mm x 6mm x 2.5mm) enabling customers to save space significant without compromising the level of protection.

Features
Capable of handling 1kA or 2 kA 8/20us surge current (IEC 61000-4-5) BT T
Eight bidirectional devices per model family o length| Width | heghe | Vym Vormin Ve b [ b Gte | gy
Repetitive stand-off voltage from 22V to 86V FIASHICH | Satuce ot 1

PTVS1-026C-H Surface Mount

Low clamping voltage at the rated peak pulse current R e =

PTVS1-043C-H Surface Mount

oo

Com pact DFN pac ka ge PIVS1-058C-H Surface Mount

PTVS1-066C-H Surface Mount
RoHS compliant and Halogen free FIEEOSCH | Saffce M
PTVS1-086C-H Surface Mount
PTVS2-022C-H Surface Mount

PTVS2-026C-H Surface Mount

1 PTVS2-029C-H Surface Mount
Benefits

Surface Mount
* Qualified according to JEDEC standards B o
PTVS2-076C-H Surface Mount

* Provide excellent Performance over the specified temperature range . wcs
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Surface Mount

Additional Resources
PTVS1 data sheet
PTVS2 data sheet
PTVS Product Page
App Note: Why PTVS Diodes are Optimal Solutions for User System and Power Supply Circuit Protection



https://www.bourns.com/docs/product-datasheets/ptvs1-xxxc-h.pdf
https://www.bourns.com/docs/product-datasheets/ptvs2-xxxc-h.pdf
https://www.bourns.com/products/diodes/power-tvs-diodes
https://www.bourns.com/docs/technical-documents/technical-library/chip-diodes/application-notes/bourns_why_ptvs_diodes_are_optimal_solutions_for_user_system_and_power_supply_circuit_protection_application_note.pdf

Introduction - Power TVS Diodes

Applications

* ACand DCinput power line
protection in hostile
environments

* High reliability applications
requiring high energy surge
protection and a rigid voltage
clamp

* Telecom base station
equipment

* Street lighting

* Industrial equipment

¢ Solarinverters

Features

Robust lightning protection

1,2,3,6,10 & 15, 20 kA peak
current rating

Rigid voltage clamp
Voltages from 18 Vto 470 V
Simple design

Axial lead and surface mount
packages

Common PCB footprint for all
axial lead devices

RoHS compliant*

Types Available

* Surface mount
* Axial lead

* DFN

* Gull-Wing

*RoHS Directive 2002/95/EC Jan. 27, 2003 including annex and RoHS Recast 2011/65/EU June 8, 2011.



PTVS Operation

A PTVS diode has two n-type regions diffused on either side of the p-type substrate which
results in the formation of back to back diodes, D1 and D2

Exposed
DC

Power
Interface

Structure is basically a parasitic npn transistor. In an application, the PTVS diode is connected in
parallel.

During normal operation, the PTVS diode does not conduct any current and hence is
transparent to the downstream electronics it is supposed to protect. During a surge event the
voltage across the diode exceed it’s breakdown voltage which causes the diode to conduct. This
results in massive injection of carriers in the p-substrate. The minority carriers injected, as a
result, diffuse to the n-p junction that forms diode D1 lowering the potential barrier. This
results in the snap-back in the IV characteristics of the diode .The snap-back helps in lowering
the clamping voltage of a PTVS diode. Bourns PTVS diodes are designed such that, during a
snap-back event, the voltage never falls below the maximum working voltage preventing any
glitch in the normal operation of the circuit.




VS DFN Advantages

TOP VIEW
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DIMENSIONS: m

50% space savings
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The leads on through-hole components
may seem short, but they are long enough
to generate higher levels of voltage due to
the inductance of the leads, during a
surge. The through-hole version allows the
highest let-through voltage because of the
long leads while the surface mount
package allows for the lowest let-through
voltage.

Three different PTVS mounting configuration under the same 10KA 8/20us
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Product Portfolio

Package Size (mm) Electrical Characteristics (Ty =25 °()

Part Number ':?}I'[I?E Ve Ip Cetyp
(“} {IIAJ (nF}

PTV51-022C-H Surface Mount 8 6 1 v
PTVS1-026C-H Surface Mount 8 6 2.5 26 28 30 1 10 1.5 4
PTVS1-029C-H Surface Mount 8 6 25 29 32 34 1 10 1.5 v
PTVS1-043C-H Surface Mount 8 6 2.5 43 48 56 1 10 1 ¥
PTVS1-058C-H Surface Mount 8 6 25 58 64 67 1 10 0.8 v
PTVS1-066(-H Surface Mount 8 6 25 66 72 86 1 10 0.7 v
PTVS1-076(C-H Surface Mount 8 6 2.5 76 85 91 1 10 0.6 4
PTVS1-086C-H Surface Mount 8 6 2.5 86 96 99 1 10 0.5 4
PTVS2-022C-H Surface Mount 8 6 25 22 24 28 2 10 4 v
PTVS2-026(-H Surface Mount 8 6 25 26 28 30 2 10 3 4
PTVS2-029C-H Surface Mount 8 6 25 29 32 34 2 10 3 v
PTVS2-043C-H Surface Mount 8 6 25 43 48 56 2 10 2 v
PTVS2-058C-H Surface Mount 8 6 2.5 58 64 67 2 10 1.5 v
PTVS2-066C-H Surface Mount 8 6 25 66 72 86 2 10 13 v
PTVS2-076(C-H Surface Mount 8 6 2.5 76 85 91 2 10 1.1 4
PTVS2-086(-H Surface Mount 8 6 25 86 96 99 2 10 1 v



Product Naming Decoder

PTVS 1 - xxx C - H How to Order
: PTVS 2 - xxx C - H
Series |
PTVS = Power TVS High Current Diode Series
Peak Current Rating PTVS = Power TVS High Current Diode
1=1KkA Peak Current Rating
Repetitive Standoff Volt 2=2kA
epetitive Standoff Voltage ”
_ Repetitive Standoff Voltage
022 -086 = 22 - 86 Vi (Volts) 022 - 086 = 22 - 86 Vyyyy (Volts)
Suffix Suffix
C = Bidirectional Device C = Bidirectional Device
Package Package
H = DFN Package H = DFN Package




Understanding Datasheet Parameters

APPLICATION NOTE

Why PTVS Diodes are Optimal Solutions for User System

www.bourns.com

and Power Supply Circuit Protection

INTRODUCTION

Power protection components basically sit unobtrusively in the background - adding cost to a design
unitil a fault event proves thelr worth. If an inadequate level of protection is selected, however, the
systemn may still be exposed to and could Incur congderable damage.

AC and DC power supplies used in telecom and other exposed applications often require pratection
against potentially damaging events such as power line surges and indirect lightning strikes. Avoiding
damage to the power supply by limiting the peak surge voltage to an acceptable level without short
clreuiting the line for an extended period of time |5 crucial to minimdzing the downtirme of oritical
systems and avolding costly maintenance calls.

This application note highlights why Power TWS (FTVS) dicdes - including Bourns' industry-first DFN
package PTVS devices — are worth evaluating for power applications. It will present the many features
that make these devices optimal and effective protection solutions for multiple types of power and
shgnal-level cincuits.

WHAT TYPE OF PROTECTION IS NEEDED?

‘When evaluating drcuit protection compaonents, the first question to ask is what threats do they
protect against? FTVS components are voltage clamping devices. When a PTVS diode experiences

a voltage higher than the specified breakdown voltage, it conducts current until the voltage is
reduced in amplitude or the surge time has come toan end. A PTVS protection component is rated

fior the maximum current it can handle (I for the length of time the surge voltage exists. These
components protect from excessive valtage resulting from power line transients, voltage splkes due to
ESD (electrostatic discharge), moter arcing, and even nearby lightning strikes. Some faults are due to
cormponent failure, while others may be caused by a wiring mistake.

Pratecting against every type of overvoltage condition ls generally not practical, but it is important

to consider a varlety of potentlal threats within the context of the design. Design engineers should
evaluate the environment within which the pratected equipment (s installed and select companents
that will be effective for the threats that are present. The selected protection components must act in
the voltage range that would otherwise damage the user's power supply and drcuits, without nuisance
tripping under normal operating conditions. Due to thelr relatively higher capacitance, PTVE diodes are
better suited for power clrouit protection than for protecting high-speed communication lines.

Asa global leader in clrouit protection, Bourns offers one of the broadest lines of cvenourrent and
overvoltage protection components on the market - Including low capacitance protection solutions

for communications applications,

BTV
Surface Mount Series

TVS DIODE TERMINOLOGY

Repetitive Reverse Standoff Voltage (V)

Also known as maximum working peak voltage, this is the normal operating threshold voltage of the
device. The TVS diode will appear as high impedance to the protected circuit when the applied voltage

across the diode is less than this threshold.

Breakdown Voltage (Vgg)

The breakdown voltage is the voltage threshold at which the TVS diode begins to conduct a specified

amount of current. Voltage Veg should not exceed the absolute maximum rating for the integrated

circuit it is protecting.

Clamping Voltage (V¢)

The overvoltage transient is clipped to the level defined by V¢, which is the maximum voltage level seen

across the protected circuit. Voltage V- is always defined for a given peak pulse current (Ipp).

Peak Pulse Current (Ipp)

This is the maximum surge current the TVS diode can withstand without damage.
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As shown in Figure 3 and Figure 4,
bidirectional PTVS diodes have a typical

I-V characteristic curve and are tested as

per industry standard IEC 61000-4-5 surge
immunity requirements. The peak pulse
current is defined based on the surge current
transient waveform, which for most industrial
applications is rated at 8/20 ps with 8 us
representing rise time (t;) to peak value and
20 ps representing pulse duration until the
current falls to 50 % of the peak value (t;).

The low clamping characteristics and fast
response time as compared to traditional MOV
solutions makes the Power TVS product family

highly desirable in power supply applications.




Focus Application and Opportunity

* Lightning Protection for PD/PSE of PoE in Small Cell
BPSE/PD solutions requiring IEC 61000-4-5 Level 4 (1/2 KA 8/20Us) surge immunity
BPSE/PD solutions requiring compact form factors

* Exposed -48V power supply Protection for 4G/5G RRU/AAU/BBU
B Protection solutions requiring IEC 61000-4-5 Level 4 (1/2 KA 8/20Us) surge immunity
BProtection solutions requiring compact form factors

* Exposed DC-DC or AC-DC Industrial Power/SPD Protection
BPSE/PD Solutions requiring IEC 61000-4-5 Level 4 (1/2 KA 8/20Us) surge immunity
BPSE/PD solutions requiring compact form factors



Design Tools and Collateral

Design Files

Engineering

Pspice and 3D Models e | o

Downloads

NEW PRODUCT BRIEF

= High Current PTVS Diodes in an Industry-First Surface Mount DFN Package
Bl i
INTRODUCTION FEATURES BENEFITS
Bourns is pleased to announce the new Model 1 luf, B/20 s surge-handling capability + Low damping voltage under surge
PTVS1-weeC-H series bidirectional Power + Surface mount DFN package - Compact, space-saving protection solution
Transient Voltage Suppressor (PTVS) diodes, - Excellent . ?

capable of handling 1 kA (B/20 ) surge

pachage, eight RaHS-compliant® models are
available with & maximurn repetitive standoff
voltage (Vi) between 22V and B6 V.

DEVICE SYMBOL

MARKET TRENDS

Reliable protection i increasingly required
‘against high energy surge events on FoE ports,
Remote Radie Units (ARUs), BaseBand Units a:.| $ [
{BBUS) anwd high-power DC bus applications.

Bourns has designed its entire PTVS 1-o0C-H
poetfolio to meet or euceed [EC 51000-4-5
Lewed 4 (2 KV, 1 kA) requirements This new PTVS -
series, in a DFN package, is enginesred to satisfy
custarner nesds for 3 cost-effdient and compact

o]
ey

4ol

1 kR option. APPLICATIONS Surface Mount DFN Series

Bourns® PTVS diodes are built using In the circuit above, Baurns® Mode

semiconductor technology, offering enhanced  066C-Hisable towithstand a1 kA oo
surge protection and low clamping voliage under &/20 s conditions and has ¢ ‘~~‘

surge ratings for extended operational life. working voltage of 66V. The comg
The block diagram shown above lsan example 6 mm x 2.5 mm DFN package prov

of where aBourns® bidirectional Model FTVS1-  saving option for today's dense bo ~
s00xC-H series devies can be used in 3Pk and is capable of replacing larger | 1 ' - 3

spplication. thiough-hole PTVS devices whene
and/er sutemated pick-and-place

PIVS
Through-Hole Series

et

e || . [l APPLICATION NOTE

Why PTVS Diodes are Optimal Solutions for User System

- @@

High Current PTVS

-

and Power Supply Circuit Protection

INTRODUCTION

Power protection basically sit i in the background - adding cost to a design
until a fault event proves their worth. If an inadequate level of protection is selected, however, the

system may still be exposed to and could incur considerable damage.

Instructions BOURNS

AC and DC power supplies used in telecom and other exposed applicatic
against potentially damaging events such as power line surges and indin
damage to the power supply by limiting the peak surge voltage to an ac(
circuiting the line for an extended period of time is crucial to minimizing
systems and avoiding costly maintenance calls.

This application note highli why Power TVS (PTVS) diodes - includin
package PTVS devices - are worth evaluating for power applications. It v
that make these devices optimal and effective protection solutions for m
signal-level circuits.

Light the Target sales guides are intended for
internal use only

“Internal use” includes Rep and Distributor trainings controlled by Bourns.
Light the Target sales guides should not be shown/provide to customers or competitors.

* https://bourns.com/products/diodes/power-tvs-diodes/product/PTVS1-xxxC-H

* https://bourns.com/products/diodes/power-tvs-diodes/product/PTVS2-xxxC-H

* *Reach out to PLM support for EVM boards

EVM Boards


https://bourns.com/products/diodes/power-tvs-diodes/product/PTVS1-xxxC-H
https://bourns.com/products/diodes/power-tvs-diodes/product/PTVS2-xxxC-H

Market Competition

5kW SMD TVS

Clampin: Clampin:
Vollg‘geg Vollggeg

Reverse
Standoft
Voltage

Reverse
Leakage
@ Vawm

Part Part Part ) Vawm [
Number Marking Number Min., | Max. ?\‘IA; (nA)
5.0SMDJ5.0A 5RDE _|5.0SMDJ5.0CA 5D 6.40 7.00 5.0 1050
5.0SMDJ6.0A 5.0SMDJ6.0CA | 5D 6.67 7.37 6.0 1050
5.0SMDJ6.5A .0SMDJ6.5CA 5D 7.22 7.98 65 750
5.0SMDJ7.0A .0SMDJ7.0CA | 5D 7.78 8.60 70 300
.OSMDJ7.5A .0SMDJ7 5CA 5D 33 75 150
OSMDJ8.0A .0SMDJ8.0CA 18] 89 70
.0SMDJ8. .0SMDJ8.5CA 5D 44 E 30
5.0SMDJ! .0SMDJ9.0CA 5D 10.00 5 12
5.0SMi .0SMDJ10CA 5D 1.1
5.0SM .OSMDJ1 5DDZ | 12.2
5.0SM: .OSMDJ SBEP
5.0SMDJ13A .OSMDJ 5BEQ
5.0SMDJ14A .0SMDJ SBER
.0SMDJ 5BES
.OSMDJ SBET
.OSMDJ1 SBEU
. 8A .OSMDJ 5BEV
_OSMDJ20A .OSMDJ20CA | SBEW
5.0SMDJ22A .OSMDJ22CA S5BEX
(5 0SMDJ24A > OSMDJ24CA | BBEZ
5.0SMDJ26A .OSMDJ26CA SBFE
5.0SMDJ28A .0SMDJ28CA 5BFG
5.0SMDJ30A .OSMDJ30CA 5BFK
5.0SMDJ33A .OSMDJ33CA SBFM
5.0SMDJ36A .0SMDJ36CA 5BFP
5.0SMDJ40A .OSMDJ40CA 5BFR
5.0SMDJ43A .OSMDJ43CA 5BFT
5.0SMDJ45A .0SMDJ45CA 5BFV
5.0SMDJ48A .OSMDJ48CA 5BFX
5.0SMDJ51A FZ .OSMDJ51 5BFZ | 56.70
5.0SMDJ54A SRGE .OSMDJ54CA 5BGE 50.00
5.0SMDJ58A 5PGG _|5. 5BGG | 64.40
5.0SMDJ6E0A SPGK X 5BGK 56.70
5.0SMDJB4A 5PGM : 5BGM 1.10
5.0SMDJ70A 5PGP_|5.0SMDJ70CA 5BGP | 77.80 X 5 g 443

PTVS1-076-H = 3 pcs x 5.0SMDJ22CA in series
PTVS1 has a lower clamping voltage

Breakdown Voltage

Unidire Device VBR (Volts)

0|0|( 0| 0| 0| D|D|T|D|D|T|D
Mm{mjmirn

4 T S AR B (3] (5] (3]

0

* Competitors of PTVS1/2 in market (5KW SMT TVS)
 PTVS2 DFN is sole sourced
* PTVS1 competition: Bourns has PTVS1-066C-TH version in TH or PTVS1-066C-H in DFN package



Leadtime, Pricing, DWIN, Quotes

16 weeks leadtime

Orders can be placed in the system for 16 products

Target pricing is attractive

Design Wins Asia

DIN! DWIN! Bookings!




Surge Rating Relevance
| tevel | SuweRequirements | Solutions | Application |

2033-80-G5-T1LF
20 kA, 8/20 ps PT20096L
4 kA, 10/350 ps 15KPAOB6C-5D-Q
2029-09-SM-RPLF

BTS / BBU/RRU

PTV510-066C-M

10 kA, 8/20 ps 2029-09-SM-RPLF

BTS / BBU/RRU

PTVS3-066C-M
6 kV /3 kA 8/20 us 2035-09-SM-RPLF Small Cell

PTVS1 & PTVS2

r\ IEC61000-4-5 Level 4

el H\
BHO“? (4kV/2kV,1.2/50-8/20ps) L2KPAOGGC-SD-Q small Cell
- 2035-09-SM-RPLF




Size Comparison

PTVS1/PTVS2
DFN Package

SMC Package

TOP VIEW SIDE VIEW 2

8.00 £ 0.10
(0.315 £ 0.004)
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!

6.00 £ 0.10
(0.236 = 0.004)

°
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\ PIN 1 INDICATOR

SIDE VIEW 1

= =

000-005 }
(0.000 - 0.002)

1.50 £ 0.10

(0.059 + 0.004)

Dimensicon SMC (DO-214AB)

A 6.60-7.11

C {0220 - 0.945)

{0.260 - 0.280)
] f 5 559 6.22

c 2.90-3.20
_Jl_ (0.114 - 0.126)

0.15-0.31

D {0.006 - 0.012)

CATHODE BAND 7.75-813
(UNICMRECTIONAL DEVIGES ONLY) (0.305 - 0.320)

0.05-0.20
{0.002 - 0.008)

201-262
{0.080- 0.103)

N 0.76 - 1.52
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{0.030 - 0.060)
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New Product Highlights - IGBT BOURNS'

Elevator Pitch

Bourns’ new discrete Insulated Gate Bipolar Transistor BID series is designed for Industrial Power Application. Advanced Trench-gate
Field Stop (TGFS) technology enables low conduction and switching loss for cost-effective, industry-leading power efficient products
available in TO252 and TO247(N) packages

Features
Discrete IGBT co-packed with FRD
Advanced Trench-gate Field Stop (TGFS) technology
Low saturation Voltage drop (V¢gsay)
Low switching Loss
TO-252, TO-247 and TO-247N packages
RoHS compliant

Benefits
* Qualified according to JEDEC standard for power switching products
* One more Trusted IGBT discrete Supplier by Bourns

2o

Additional Resources Bourns® BID Series IGBTs

New 600 V/650 V Insulated Gate
Bipolar Transistor Discrete Solution

* |GBT product page
* IGBT technical library
* |GBT design files

I
Circuit Protection Division: Light the Target COMPANY CONFIDENTIAL 20


https://www.bourns.com/products/igbt
https://www.bourns.com/resources/technical-library/library-documents/igbt
https://www.bourns.com/resources/design-tools/design-files

Insulated-gate bipolar transistor (IGBT) Intro

* The IGBT combines a control input with a

MOS structure (high impedance) and a
bipolar power transistor that acts as an
output switch (low saturation voltage).
IGBTs are suitable for high-voltage, high-
current applications.

IGBT is a voltage-controlled power transistor and similar to
power MSFET in operation and construction. They have
switching speeds greater than those of bipolar power
transistors. The turn-on time is nearly the same as in the
case of a power MOSFET, but the turn-off time is longer.
Thus, the maximum converter switching frequency of the
IGBT is intermediate between that of a bipolar power
transistor and a power MOSFET.

Internal equivalent circuit of an IGB
e

Drive Method
Drive Circuit
Input Impedance
Drive Power
Switching Speed
Operating Frequency
S.OA.
Saturation Voltage
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NMOS .|

.

ITT

Collector (C)

“pnp

Gate()

O
Emitter (E)

Current Voltage

Complex Simple
Low High
High Low

Slow (us) Fast (ns)
Low Fast
Narrow Wide
Low High

BIG THREE

Voltage
Simple
High
Low
Middle
Middle
Wide
Low



Insulated-gate bipolar transistor (IGBT) - Structure

Comparison between different types of IGBTs

Meed to add anti-parallel diode
to enhance switching
performance

PT
Switching loss Medium Low Low

Low

Low
Benefits:
Conduction loss Medium Low Low Low
Paralleling Easy Difficult Easy Easy o Implanted BaCk'
Emitter

Short-Circuit Rated High Limited High High . Thinner Base Region
Cost + ++ ++ ++++ e Lower VCE(SAT)

Motor | - e Lower Switching Loss
Applications “ndoetion | windrai | longer ALL More Robustness

heating.. used
Voltages >| 700V =600V <3300V

Reference: Yole Development



Insulated-gate bipolar transistor (IGBT) Operation

* All IGBT discrete released products use Trench- emitter ® gate
Gate Field-Stop (TGFS) technology, providing «I—f P”
greater control of dynamic characteristics with (“l
a lower Collector-Emitter Saturation Voltage p- (base) *—‘Tgﬂr‘h
(VCE(sat)) and fewer switching losses. Fast
recovery diode (FRD) with a low drop forward electric

. field
voltage is co-packaged, also commonly called
as IGBT co-packed with fast recovery diode

n* (field-stop)
: .. p’

* Operation: A positive voltage from gate to .
emitter turns on the MOSFET. Then, the = —
voltage connected to the coII(.ector can o.Irlve
the base current through the bipolar transistor Trench Gate IGBT

and the MOSFET,; the bipolar transistor turns
on and the load current flows.



IGBT Key parameter design and trade offs

Low-frequency apps
VCE(sat) decreases
Eoff increases

2 - "\

Q generation
\
New  —

generation

Switching loss

Eoff

Conduction Loss
VCE(sat)
Low VCE(sat) = Low Conduction losses

Trade-off is relation between ON-state conduction
losses, switching losses and short circuit withstand
capability. le; when reducing the conduction losses,
the switching losses will increase and the short circuit
withstand capability decrease.

FS solution, increase in cell density result in better
Vce(sat)/Eoff curve performance



|GBT Datasheet Parameters

Maximum Electrical Ratings (Tc = 25 °C, unless otherwise specified)

Parameter Symbol Value Unit
Collector-Emitter Voltage Vees 650 v
Continuous Collector Current (T = 25 °C), limited by Timax Ic 100 A
Continuous Collector Current (T = 100 °C), limited by Timax Ic 50 A
Pulsed Collector Current, 1 limited by Timax lcp 150 A
Gate-Emitter Voltage Vae £20 v M 0 t . S
e G 16 i o S ax Operating Specs
Short-circuit Withstand Time (Ve = 300 V, Vg = 15 V) Tsc 10 us
Total Power Dissipation Piotal 416 w
Storage Temperature Tsta -55 to +150 °C
Operating Junction Temperature Tj -55 10 +150 °C
Thermal Resistance
Parameter Symbol Max Unit h I
IGBT Thermal Resistance Junction - Case Rin(jc)_IGBT 03 “CW I e r m a S p e cs
Diode Thermal Resistance Junction - Case Rinjjc)_Diode 0.65 *CW

Static Electrical Characteristics (Te = 25 °C, Unless Otherwise Specified)

Parameter Symbol Ci

Min.

INTRODUCTION

Collector-Emitter Breakdown Voltage BVces Vge=0V, Ig =250 pA 650

Ve =15V, I;=50A o 22 . f Technology continues to advance such that higher voltage and current applications demand ever-
y - 1.
Collector-Emitter Saturation Voltage Vg, Te=25C v Stat I c S p e CS - M O S et Boums® 81D Series IGETs increasing power efficiencies. The solution designers have used historically to maximize efficiency are
52 Vge=15V,Ig=50A _ 19 _ metal-oxide-semiconductor field-effect transistors (MOSFETs). Since application requirements have
Te=1257C a n d F R D progressed, MOSFETs cannot always optimize efficiency at the operating voltages currently specified. To
- - 259 _
Diode Forward On-Voltage Ve l=504 Te =25 VC 7 25 v achieve lower switching losses with these next-generation applications, alternative technologies exist
IF=50A Tc=125°C - 13 - v that have the features required to achieve design goals.
Gate Threshold Voltage VGE(h) Ve = VgE, Ig =250 pA 40 5.0 7.0 v
Collector Cut-off Current Ices Vge=0V, Vge =650V - - 200 HA One sol isthe lated-gate bipolar stor (IGBT), which Is a combination of a power MOSFET
Gate-Emitter Leakage Current IgEs Vee=0V,Vge=x20V - - =400 nA control gate with a power NPN bipolar junction transistor. High power IGBTs have gained popularity as

switching components in medium-to-high power converter designs such as in motor control, power

conversion, energy storage and industrial applications.
Dynamic Electrical Characteristics (Tc = 25 °C, Unless Otherwise Specified)

Parameter Symbol 10 Unit This white paper provides general information about IGBT power semiconductors and, in particular,
Input Capaciiance o MT' 213:3 M:K provides expl about component p s and graphs in Bourns' IGBT data sheets available
Output Capacitance Coos Vee = ?g \‘l r.\nlﬁﬁ =0V, _ 230 = oF at www.bourns.com. Information about power MOSFET and bipolar transistors Is also included for
Reverse Transfer G Cras B — 55 — comparison purposes to aid In understanding the parameters and characteristics presented in an IGBT
Total Gate Charge Q - 123 - data sheet.

Gate-Emitter Charge Qge Vee=400Y, Vae =15V — 31 — nc

Gate-Collector Charge Qgo _ 48 _

Dy n a m i c S p e cs — it is important to note that the data sheet values for switching characteristics refer to specific test setups

and will be different for each individual application drcuit. Most of the graphs shown in this white paper

1GBT cl Load, Tc = 25 °C, unl therwi if
G oad, T¢ = 25 °C, unless otherwise specified) are taken from the data sheet for the Bourns® Model BIDWS0ONG5T IGBT. The data sheet is available

Paramatar Symbol c T — 1 um SW itc h i 1] g Pe rfo rmance at www.bourns.com, along with the whole family of IGBT data sheets. Also note that the diagrams of

Turn-on Delay Time [ - a7 - . semiconductor layers and doping concentrations are not to scale. Most of the data sheet parameters are
Gurrent Rise Time v — 133 — e specified at a case temperature, T, of 25 °C, though some are specified at elevated temperatures of 100°,
Turn-off Delay Time ot — 125 — ns 125 % or 150 *C_ Thus, It Is important to observe the temp re at which the p are specified.
Gurrent Fall Time t VI’;E:S?:%J N X;E:' PN 121 - ns

Turn-on Switching Energy Eon - 3.0 - mJ

Turn-off Switching Energy Eoft - 1.1 - mJ

Total Switching Energy Eis = 4.1 - mJ

Diode Switching Characteristics (T¢ = 25 °C, unless otherwise specified) Dy n a m i c S p e cs - D i o d e

Value

Parameter Symbol C Unit
= [ [ = FRD
Reverse Recovery Time tr = 375

dip/dt = 200 Alps
IF = 50.0 A

www.bourns.com

Reverse Recovery Charge Qe — 78 — nC




Product Portfolio BOURNS®

Insulated Gate Bipolar Transistors (IGBTs)

device uses advanced Trench-Gate Field-Stop technology providing greater control of the dynamic characteristics while resulting in a lower Collector-Emitter Saturation Voltage
(VCE(san) and fewer switching losses. In addition, this structure increases the robustness of the device and gives a lower Ryy. The Bourns® IGBT solution is suitable for SMPS, UPS and
PFC applications.

Ic -ﬁ”*vkiﬁin
Detin . | @lcVvge=ts Operating Junction
Sheet OT":I“’ c \'} Temperature
M
600 15

BIDDOSN&0OT ] Medium -55°Cto +150 °C BIDDOSN&OT Downloads
speed

Q‘ The Bourns® IGBT discrete BID series combines technology from a MOS gate and a bipolar transistor, creating the right component for high voltage and high current applications. This

BIDW20ON&0T ] Medium A -55 °Cto +150 °C BIDW2ON&0T Downloads
speed

TIRRLEANA

BIDW30N60T ] Medium ; -55 °Cto +150 °C BIDW3ON60T | Downloads =M -J  Buy
speed i

BIDWSONG5T : Medium ; -55 °Cto +150 °C BIDW5SON65T | Downloads = !  Buy
speed i

BIDNW3ON60H3 ' TO- High speed 4 -55°Cto +150 °C BIDNW30N60H3 | Downloads
247N

Circuit Protection Division: Light the Target COMPANY CONFIDENTIAL 26



IGBT Naming Decoder

How to Order
Typical Part Marking

BIDDOSNGOT

B = Bourns® |
| = IGBT O
Type — MFR'S ~ JE3 DO5SNBOT ={{- DEVICE CODE
D = Discrete TRADEMARK YYYYYYY 4 LOTID:
. 1ST CHARACTER INDICATES PRODUCTION LINE
Packaging Code _ IND CHARACTER INDICATES GRADE
D = TO-252 (DPAK) 3RD CHARACTER INDICATES YEAR OF MANUFACTURE
] — 4TH CHARACTER INDICATES MONTH OF MANUFACTURE
Current Rating §TH, 6TH & 7TH CHARACTERS INDICATE SERIAL NO.
05=5A
Device Type
N = N-channel
Mominal Voltage (divided by 10)
60 =600V
Optimization

T = Medium Speed

27



Focus Application and Opportunity

Inductive Cook Stove

B Inductive Heating applications require an IGBT with a Fast Recovery Body Diode and low VCE(Sat) drop voltage with
minimal Tail out current

B BIDW30ON60T and BIDNW30N60H3 are viable solutions for IH applications

Uninterruptible Power Sources (UPS)

B UPS applications require an IGBT with a Fast Recovery Body Diode and low VCE(Sat) drop voltage with minimal Tail-out
current. They also cover a broad range of sizes and packages.

M BIDDO5N60T ,BIDW30ONG60T, BIDW50ON65T and BIDNW30N60H3 are all viable solutions for UPS applications featuring
many different sizes and power ratings to cover a broad range of UPS designs.

Solar Inverter (Residential Installations)

B Solar Power Supply applications require an IGBT with a Fast Recovery Body Diode and low VCE(Sat) drop voltage with
minimal Tail-out current. The application requires small size and high efficiency for a variety of power ranges.

W BIDDO5N60T, BIDW30N60T, BIDW50N65T and BIDNW30N60H3 are all viable solutions for Solar applications featuring
different sizes and power ratings to cover a broad range of Solar Inverter designs.

Rice Cooker

B Rice Cooker applications require an IGBT with a Fast Recovery Body Diode and low VCE(Sat) drop voltage with minimal
Tail-out current.

M Cost is tightly managed In the Rice Cooker market
B BIDW30ON60T and BIDNW30NG60H3 are viable solutions for Rice Cooker applications.



|IGBT : Insulated Gate Bipolar Transistor
BID Series - BIDDO5SN60T

Applications:

B Switch-Mode Power Supplies (SMPS)
B Uninterruptible Power Sources (UPS)

Features:

B 600V, 5A, Low VCE(sat)
Trench-Gate Field-Stop technology
Optimized for conduction m  Home Appliances
Robust

ROHS compliant*

Model Name Package | Technology Ic Typ. VCE(sat) Operating
@ T=100"C @Ic, VGe=15V Junction
[A] [V] Temperature

BIDDO5N60T TO-252 Field-Stop 600 5 1.5 Medium  -55°Cto +150 °C
Speed

29



IGBT : Insulated Gate Bipolar Transistor
BID Series - BIDW20N60T

Features: Applications:

m 600V, 20A, Low VCE(sat) u SW.ItCh-MOC.Ie Power Supplies (SMPS)
Trench-Gate Field-Stop technology B Uninterruptible Power Sources (UPS)
Optimized for conduction B Power Factor Correction (PFC)

B Stepper motors

Low Switching Loss
ROHS compliant*

Model Name | Package | Technology VcE Ic Typ. VCE(sat) Operating
[V] @ T=100 ° C @Ic, VGe=15V Junction
[A] [V] Temperature

BIDW20ON60T TO-247 Field-Stop 600 20 1.7 Medium  -55°Cto +150 °C
Speed



IGBT : Insulated Gate Bipolar Transistor
BID Series - BIDW30ON60T

Features:

Applications:

| itch- '
600V, 30A, Low VCE(sat) Switch-Mode Power Supplies (SMPS)

Trench-Gate Field-Stop technology
Optimized for conduction
ROHS compliant*

B Uninterruptible Power Sources (UPS)
B Power Factor Correction (PFC)
B Induction Heating

Model Name | Package | Technology VcE Ic Typ. VCE(sat)
\ @T=100°C | @Ic, VGe=15V
[A] [V]

BIDW30ON60T TO-247 Field-Stop 600 30 1.65

Medium
Speed

Operating
Junction
Temperature

-55 °Cto +150 °C
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IGBT : Insulated Gate Bipolar Transistor
BID Series - BIDNW30N60H3

Features: Applications:
B 600V, 30A, Low VCE(sat) B Switch-Mode Power Supplies (SMPS)
B Trench-Gate Field-Stop technology B Uninterruptible Power Sources (UPS)
W Low Switching Loss m  Power Factor Correction (PFC)
W Fast Switching B Induction heating
B ROHS compliant*

Model Name | Package | Technology VcE Ic Typ. VCE(sat) Operating
[V] @ T=100"°C @Ic, Vee=15V Junction
[A] | Temperature

BIDNW30N60H3  TO-247N Field-Stop 600 30 1.65 High -55 °C to +150 °C
Speed



IGBT : Insulated Gate Bipolar Transistor
BID Series - BIDW50N65T

Features:

B 650V, 50A, Low VCE(sat)

ROHS compliant*

Model Name

BIDW50N65T

Package

TO-247

Trench-Gate Field-Stop technology
Optimized for conduction

Applications:

Technology

Field-Stop

Switch-Mode Power Supplies (SMPS)
Uninterruptible Power Sources (UPS)

Power Factor Correction (PFC)

Inverters

VCE
\

650

Ic
@ T=100"C

[A]

50

Typ. VCE(sat)
@Ic, VGe=15V
\

1.65

Medium
Speed

Operating
Junction
Temperature

-55 °C to +150 °C
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IGBT design tool and Collaterals

Market Segments Applications Products News Resources Support
Home / News / New Publications
New Publications titem
GG:H
Type Date Issued Headline File, Size - ) "= é
New Product Brief August, 2022 Bourns Model BID Series Insulated Gate Bipolar Transistors (IGBTs) New Product Brief PDF, 817 KB e
Product Guide August, 2022 Bourns Model BID Series IGBT Product Guide PDF, 577 KB \%\ :
White Paper August, 2022 Bourns IGBT vs MOSFET Determining the Most Efficient Power Switching Solution White Paper PDF, 860 KB M- - K aour
White Paper August, 2022 Understanding IGBT Data Sheet Parameters White Paper PDF,917 KB = J_ = 1|§ oa B :;??;ER
White Paper August, 2022 Measuring IGBT Conduction Loss to Maximize Efficiency White Paper PDF, 859 KB - T o
White Paper August, 2022 Achieving Fast IGBT Reverse Recovery Loss White Paper PDF, 955 KB i
Iparametr]c Search UNDER consTRUCTION| | [IIINTIEICHECEICR ] olEIRIE NN
. _ (IGBT)
App Note: #1 - UPS / Switch Mode Power Supply
tpgreeneoenn [ | — ] e ] ] Circuit Protection Division
. - i Semiconductor Product Line
| e C App Note: #2 - Frequency Conversion

i";:( &*"“m""fm"‘ﬂ Voltage: - I ‘ - |

= o App Note: #3 - Motor Control light the T B
e o e . — - Copacked Diode 0 Yes ( ngP SiS[e qurg et :L.

o o App Note: #4 - Solar Inverter e Prodict Sae G

‘ | I I I D D D D D D D D B B D B B B B .
{"":’E ;"""’ Forurard Current I i i
' b App Note: #5 - Inductive Heating
_— 4x App Note !
J‘;:";‘:g:::f\f:’“"’ S . )
" App Note: #6 - Welding BOURNS

In 22’Sep End




Leadtime, Pricing, DWIN, Quotes

20-22 weeks leadtime. Competition is 30 -50 weeks LT

Orders can be placed in the system for 5 products

DBC pricing is very attractive
Focus on DIN for 2022

DIN! DWIN! Bookings!




Summary

* Discrete IGBTs only with co-pack fast recovery diode (FRD)
* No AEC-Q certification yet

* Bourns’ Circuit Protection Division is pursuing a “Pivot to Power”
strategy, and the release of our new IGBT products helps us achieve
even stronger positions with our power application
customers. Moreover, our IGBT offering enhances our cross-selling
synergies with Bourns’ Magnetics products which are already well
proliferated in switching power applications, solar inverters, UPS etc.
Our roadmap will proliferate in the power space including SiC
solutions.
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